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 
Abstract—This paper presents a mobile information system 
denominated as Vehicle-to-Anything Application (V2Anything 
App), and explains its conceptual aspects. This application is 
aimed at giving relevant information to Full Electric Vehicle 
(FEV) drivers, by supporting the integration of several sources of 
data in a mobile application, thus contributing to the deployment 
of the electric mobility process. The V2Anything App provides 
recommendations to the drivers about the FEV range autonomy, 
location of battery charging stations, information of the 
electricity market, and also a route planner taking into account 
public transportations and car or bike sharing systems. The main 
contributions of this application are related with the creation of 
an Information and Communication Technology (ICT) platform, 
recommender systems, data integration systems, driver profile, 
and personalized range prediction. Thus, it is possible to deliver 
relevant information to the FEV drivers related with the electric 
mobility process, electricity market, public transportation, and 
the FEV performance. 
 
Index Terms—Full Electric Vehicle, Information and 
Communication Technology, Mobile Information System, Public 
Transportation, Range Autonomy, Range Anxiety. 
 
I. INTRODUCTION 
ITH the electric mobility paradigm in smart grids 
environment [1], mainly through the Full Electric 
Vehicles (FEVs) and Plug-in Hybrid Electric Vehicles 
integration around the world [2]-[5], the open electricity 
market, the advances in the production and integration of 
renewable energy [6][7], new research challenges are being 
opened. In this scenario, FEVs and renewable energy 
contribute to reduce the emission of greenhouse gases [8]. In 
[9] is presented an energy management system for smart grids 
including the FEVs integration, and in [10] are presented 
solutions to integrate distributed generation in smart grids. 
However, it is necessary to establish a set of technologies to 
allow the integration of these areas [11][12]. In [13] and in 
[14] are presented some opportunities and challenges to the 
wireless sensor area in smart grids, and in [15] is presented a 
survey of this communication technologies in smart grids. 
Therefore, communications and Information and 
Communication Technology (ICT) represents a fundamental 
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area in the growth and performance of smart grids [16]. ICT 
can also play an important role from the point of view of 
integration system information [17][18], as well as from the 
point of view of the FEV drivers, as shown in Fig. 1. This 
upcoming reality will force to provide relevant information to 
the drivers, e.g., information related with electricity market 
and public charging stations, towards driver guidance [18]. In 
this context, the main goal of the presented research is to 
describe a mobile information system to provide relevant data 
to FEVs drivers.  Thus, taking into account the information 
from the electricity market, considering different costs to 
different periods of the day, it is possible to promote the 
reduction of the costs to charge FEV batteries. Moreover, 
considering the integration of FEVs with bidirectional 
operation capabilities (Grid-to-Vehicle – G2V and 
Vehicle-to-Grid – V2G) [19][20], will strengthen the 
electricity market participation. These concepts are further 
discussed in the next section. 
Nowadays, several projects related with smart grids are 
under development around the world [21]. In this context, 
smart homes with energy management and efficient solutions, 
smart appliances, and smart meters [22][23], will be the first 
steps to the smart grids evolution [24]. However, the main 
principles of micro grids [25], the guidelines of smart cities 
initiatives, the upcoming reality of energy markets, the electric 
mobility integration, and the power load profile are also key 
areas of smart grids [26]. Nevertheless, it is important to 
highlight that the combination of the information available in 
these systems represents a very complex scenario of data, 
which must be wisely coordinated. 
In this context, the research presented in this paper intends 
to contribute with a prototype to deal with data integration 
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from different sources, also considering FEV drivers profiles, 
and the cooperation with existing public transportation 
infrastructures. This cooperation can be achieved providing 
information regarding routes, schedules and pricing of public 
transportation, about availability of parking places, and even 
relatively to bike and car sharing systems. In this sequence of 
ideas, also the minimization of the driver range anxiety 
problem is a topic presented in this research work, in 
subsection II. E and section IV. 
Taking into account the proliferation of mobile devices 
associated with the increasing communication connectivity in 
mobile systems (with higher speed rates and coverage areas), 
this paper presents the conceptual aspects of a mobile 
information system prototype denominated as 
Vehicle-to-Anything Application (V2Anything App or V2*), 
designed to run in mobile devices. For this application we 
assume that each FEV driver has a personal mobile device, 
and that each vehicle can be used by several different drivers. 
Each driver profile is stored in the V2Anything App server 
module. Also, if a driver uses more than one FEV, then he 
should create different profiles, each one associated with each 
FEV. The driver uses the application on his mobile device, 
and the server is responsible for manipulating information, 
creating and storing the driver profile. Fig. 2 illustrates the 
usage of the V2Anything App in mobile devices. This 
application is mainly used by the FEV driver to trip planning 
(before the trip), to assist the charging process, to get a 
personalized range prediction, and to interact with the 
electricity market, transportation system (public and sharing 
systems) and road infrastructure, such as parking and charging 
stations. The application can use the MirrorLink technology 
[27] with FEV head unit, which allows displaying the 
V2Anything App on the head unit of the vehicle, where the 
user can interact with the application in a safety form. This 
mirror approach has already been tested in laboratorial 
environment in the head unit of the FEV VEECO 
[www.veeco.pt] (see Fig. 3). The head unit is a central 
controller and user interface that provides the control of 
several equipment (e.g., GPS navigation systems and 
bluetooth cellphone integration). 
It is important to make clear that, in order to keep safety, 
avoiding that the use of the V2Anything App can interfere with 
a safe driving procedure, it is advised its use, as much as 
possible, when the car is stopped.  
II. PROPOSED SYSTEM ARCHITECTURE 
The proposed V2Anything App integrates a diversity of 
functionalities, taking into account the new realities of smart 
grids technologies, open energy market, and the increasing 
mobility sustainability in the cities. V2Anything App uses ICT 
supported functionalities, such as GPS, wireless 
communication and sensors, to perform a diversity of 
functions. The main modules and functionalities are illustrated 
in Fig. 4 and are described in the next subsections. 
A. Charging Module 
This module interacts with the charging process of the FEV 
and can be divided in two main charging processes 
interactions: 
1) Home Charging – It is possible to control the battery 
charging process, in which the charging system permits the 
interaction through remote control communication. This 
allows establishing a smart battery charging strategy, taking 
into account the power limitations of the electrical power 
grids, in order to support FEVs integration in large scale. In 
[28] is studied a smart battery charging process that takes into 
account the power limitations at the distribution network and 
driver’s home. It also allows choosing the best price periods to 
perform the battery charging. In section III is described the 
developed home charging system. 
2) Public Charging Station (CS) – It is provided guidance to 
the nearest CS with the possibility of reserving a charging slot 
using the range charging assistant function. Based on the 
battery State-of-Charge (SoC), driver profile, and remaining 
distance, the system can calculate the minimum energy 
required in the batteries in order to make possible to reach the 
desired destination.  
 
Fig. 2. System architecture to integrate the V2Anything App (V2*) with the
FEV and the driver profile. 
Fig. 3. Head unit prototype with mirror approach of the V2Anything App:
(a) VEECO cockpit; (b) Application with route guidance to near charging 
points. 
Fig. 4. V2Anything App main modules and functionalities. 
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B. Collaborative Broker 
This module is responsible to handle the FEV interaction 
with the electricity market, and has the following system 
modules, divided as internal and external according to Fig. 5 
(for more details see [29]): 
1) Aggregation of FEVs – It is made by an institution or 
company, called aggregator, which combines customers into a 
buying group. The group buys large blocks of electrical 
energy and other services at cheaper prices. The aggregator 
acts as an agent (broker) between customers and electrical 
energy retailers. For details see [30][31]. 
2) Driver Registration – It is a user interface for FEV driver 
registration at the system, with the definition of a login, 
password and e-mail, and with the choice of an associated 
FEV from a local database. 
3) Distributed Energy Resources (DER) – It consists in 
small-scale energy generation technologies close to the power 
loads. It is expected to become an important part of the future 
smart grids, aiming to improve the overall efﬁciency, 
performance and stability of the electrical power grids. 
However, DER has the problems of variability (changes in 
load), uncertainty (supply contingencies) and unpredictability 
(associated to renewable energy generation intermittence, 
which depends on climate conditions). When a large number 
of vehicles (parked and plugged) is considered, in an 
aggregated way, this community of FEVs has the capability to 
store a significant amount of energy. On the other hand, FEVs 
can store the excess of production from local micro generation 
and, in a coordinate way, the users can tune their behavior to 
perform the FEVs battery charging process based on the micro 
generation production. Moreover, if a large number of FEVs 
operate using bidirectional battery chargers, they can be used 
to balance the production and consumption of energy of the 
power grid. This future collaboration between FEVs and 
power grids is extremely relevant taking into account that 
private vehicles are parked on average 93-96% of their 
lifetime [32]. Also in this scenario, it can be established a 
cooperative process based on the electricity production 
information and the electricity consumption of the FEV 
driver’s home, involving those domestic appliances that do not 
have an obligatory usage time constraint. 
4) Collaboration Module – It is based on a credit system for 
user collaboration, in division of profits, and in an aggregation 
module to join FEVs. The profits of spinning reserve 
participation are divided based on users participation. Users 
receive credits based on the time intervals in which the FEVs 
are connected to the power grid, on the power limit made 
available for market, on the energy delivered back to the 
power grid, and on time criticality for community goals. Time 
is divided in three periods: critical period (when users are 
usually driving), day period and night period. These periods 
are configurable because they change from country to country. 
Users’ failures, caused by changes on the plugged time profile, 
are penalized with lose of credits. If a user compensates his 
failure by other user that is plugged in replacement, then no 
penalty is applied. Otherwise, if the failure is not previously 
reported, then the system heavily penalizes this behavior, and 
sends a failure report in order to be found a solution. Fig. 6 
shows the information about the credit system. An important 
research issue consists on how to determine the right credits 
mechanism (for details see [28]). 
5) External Interface System – Two main interfaces are 
available, for the smart grid and FEV charging system. The 
smart grid interface is based on a web service that gives a 
value in euro per electric energy available in the electricity 
market. Since this functionality is not yet available in the 
electricity market, it is simulated by the creation of a web 
service in a cloud platform (see [29]). This value is used to 
manage the FEV battery charging process, which is controlled 
by the charging module. Through the FEV charging system 
interface the driver can define a configuration, in which if the 
price of energy rises above a configurable threshold, then the 
system sends a command to the FEV battery charging system 
to stop the charging process, or the opposite if the price falls 
back. Since this reality is not currently available this process 
was only simulated, according to [29]. 
Fig. 7 shows some screens of the developed Collaborative 
Broker application, with the web screens of electricity price 
information (A) and operation mode information (B). Fig. 8 
shows the information flow for the process of FEV connection 
(A) and disconnection (B) of broker.  
C. Transportation and Infrastructure Interface 
The adopted approach consists in the data integration of 
different information sources, such as: 
1) Car and Bike Sharing Systems [33][18] – These systems 
are important to the growing interest of the sustainable 
transport systems, and to reduce the growth of energy use, 
noise, air pollution and traffic jam, due to a decrease in the 
number of cars moving and to an increase in the shared use of 
electric or low pollutant vehicles. Also, bike sharing systems 
permit door to door ride features and allow to access areas of 
the city that are forbidden for other kind of vehicles. The 
sharing system can be applied to FEVs, and bikes (including 
electric bikes) sharing can be a complementary offer in cities. 
2) Public Transportation Data [34] – Providing information 
about the schedule and the price of public transport to the FEV 
driver, it allows planning a journey using FEV and public 
transportation in a complementary way. It can use functions as 
car parking booking (and charging) and ticket buying, when 
interface to transportation operator is available. The 
integration of FEVs with public transport systems allows the 
 
Fig. 5. Main modules of the Collaborative Broker application. 
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extension of autonomy beyond the batteries energy storage 
capacity. This approach explores the results of the START 
project [http://www.start-project.eu], where integrated 
information available in mobile devices increases the usage of 
public transportation among different experiences in European 
project partners (England, France, Spain and Portugal). 
3) Points of Interest (POI) – Information related with POI is 
preloaded on the system, such that the driver can perform a 
quick search for any desired POI near the present location. 
This information is also used for guidance to FEV battery 
charging points that remain at a predefined distance [18]. 
4) Parking Places – Information associated to available 
parking places and remote reservation of FEVs battery 
charging slots (for more details see [18], [34]). 
5) Green Route Planer (GRP) – It is based on the integration 
of different information sources, such as the four 
aforementioned. This GRP, which is detailed described in 
[35], allows users to have several modes and forms to travel 
from an origin to a destination. To extend the traditional 
shortest path problem an innovative framework is presented, 
which integrates a multi-decision criteria related with the 
integration of different transportation sources (own car, car 
and bike sharing, and public transportation). These 
functionalities allow the usage of FEVs as a public 
transportation complementary option, or even to cover a 
limited FEV range with public transportation or sharing 
systems (car and bike). 
D. Electric Vehicle Interface 
One of the major issues to implement the V2Anything App 
is the vehicle external information access and sharing among 
the different stakeholders. Through the usage of a CAN-Bus 
interface, it is possible to extract real time information from a 
FEV. The CAN-Bus is a standard designed to allow 
bidirectional communication between devices, as a vehicle 
and/or a host computer. 
An implementation of a CAN-Bus interface is described at 
[36], and employed in a FEV developed at ISEL, the VEECO 
[www.veeco.pt]. From this previous work, and since there are 
standards, the idea is to create an open tool that can work in all 
vehicles with CAN-Bus. The user information access is 
mainly performed through a mobile application or a desktop 
computer, using the V2G Smart System application that was 
developed in a previous work [28]. 
E. Range Prediction 
This work proposes a personalized range autonomy 
calculation using: (1) An accurate FEV range prediction, 
based on the past driver behavior and on external parameters 
like road traffic and weather; (2) Representation on a map of 
the distance that is possible to be reached by the FEV, 
combined with an uncertainty associated with driver behavior; 
and (3) Guidance and reservation of FEV battery charging 
points on public Charging Stations (CS). 
Due to the limited range autonomy of FEVs, a personalized 
and more accurate indication of range autonomy will decrease 
the range anxiety problem, because this accuracy will allow 
the driver to better explore the energy capacity storage of the 
FEV without the fear of being without energy resources. We 
have used our previous experience on combustion engines 
with the study of a bus energy efficiency [37], in order to 
conduct a similar study using the VEECO FEV. Obtained 
driving data, combined with FEV characteristics and 
environmental information (weather and traffic) in a Data 
Mining approach [38], permitted to extract a personal range 
prediction estimation. Details of range prediction are 
presented in section IV, where are also showed some of the 
achieved results. 
Fig. 9 illustrates the range prediction results developed for 
mobile applications in this work. Fig. 9 (a) shows the starting 
of a range prediction, where the application presents the 
location of the FEV. The option of specifying layers is shown 
in Fig. 9 (b). In this case, the user chooses the range prediction 
process, and the results are illustrated in Fig. 9 (c). A safe 
range is shown in green (without energy saving actions), in 
orange a range that the driver is able to reach with driving 
 
Fig. 6. Information about the implemented credit mechanism. 
 
Fig. 7. Screens of the developed Collaborative Broker application: (a) Client
interface with electricity price; (b) Client application mode of operation - 1st
shows that the notification mode is on, 2nd shows that the FEV is in V2G 
mode, 3rd shows that the FEV is not disconnected from the broker, and 4th 
shows that the FEV changed from V2G to G2V mode. 
 
Fig. 8. Use case for FEV connection (a) and disconnection (b) of broker. 
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optimization, and in red a range that is not guaranteed to be 
achieved unless full energy saving procedures are performed. 
This range information can be complemented with the location 
of POI and CS, illustrated in Fig. 10 (a). In Fig. 10 (b) is 
shown an example of alert of insufficient battery SoC for the 
FEV to reach a desired destination. In this case the proposed 
route is showed, the information about insufficient battery 
SoC is highlighted, and recommendations about actions to 
reduce energy consumption can be suggested, or the 
application can show options of the nearest CS in the proposed 
route. 
F. Driver Profile 
Driving range autonomy is intensively related with the 
driving style or mode. This happens in all types of vehicles, 
but on FEVs, due to the battery energy capacity limitation this 
relation is much clearer. Thus, changing driving style and 
driving habits may represent a considerable factor on energy 
saving and on extending vehicle range autonomy. Considering 
the actions or driving habits that can bring significant energy 
saving to the vehicle operation, it is important to evaluate how 
receptive FEV drivers will be in changing their driving style 
and habits towards the achievement of the intended energy 
saving. 
Some of the actions that the FEV drivers can take are related 
with their driving style, as travel speed and accelerations, or 
also related with other factors, like choosing the most 
convenient roads according to the FEV characteristics. 
Actions like cutting-off the air-conditioner or reducing the 
usage of other electric equipment can also be useful to energy 
saving. These actions are presented by the application in form 
of alerts or suggestions to the FEV driver, however the driver 
can simply ignore them. 
Fig. 9 (c) shows the effect of driver behavior on the range 
autonomy of a FEV. The green curve shows the distance that 
the FEV is able to reach without any caution of the driver, the 
orange presents the distance that the FEV is able to reach with 
usual driver behavior, and the red shows the maximum 
reachable distance if the driver takes all precautions to save 
energy. For this case the difference of maximum achievable 
distances between the red and the green curves is around 20% 
of FEV range, which is significant (in a 160 km range 
autonomy this means around 30 km). 
A set of tools were established to allow measuring key 
performance indicators from the FEV. It was used a CAN Bus 
on-board data collection system, and those variables were 
crossed with publicly available historical meteorological data, 
in order to build a driver profile and to find the most important 
parameters related with driver efficiency. All data was stored 
in a SQL Server database of collected event driven variables. 
Any time a driver starts and stops a voyage, an on-board 
recording system records several parameters, as the 
accumulated distances traveled, the energy consumption, and 
the time traveled per motor rotation band. The rotation band, 
also identified as power band, is related with the range of 
operating speeds and the motor efficiency. In our case the 
rotation band is classified in three bands: green; yellow; and 
red. From these variables the following ratios were defined: 
 Energy spent per 100 km; 
 Time traveled per motor rotation band; 
 Excessive acceleration events per 100 km; 
 Excessive braking events per 100 km; 
 Inertial distance traveled percentage;  
 Time percentage of inertial movement; 
 Brake usage per 100 km; 
 Accelerator usage per 100 km. 
Additionally, historical meteorological data was obtained 
from Weather Underground, assuming a unique point as 
representative of all regions of the city. Collected variables 
examples are: temperature, visibility, wind speed, rainfall, and 
weather events (storm, heavy rain, etc). Fig. 11 shows a screen 
of the driver profile data base.  
 
Fig. 9. Range prediction process: (a) FEV position; (b) Available functions; 
(c) Range prediction representation: green, orange and red. 
 
Fig. 10.  (a) Guidance to Charging Stations (CS) and Points of Interest (POI); 
(b) Alert of insufficient charge to reach a desired destination. 
(a) (b) (c)
Normal Charging Station
Coffee Shop
(a) (b)
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From this data, and using data mining approach, it is 
possible to identify key energy consumption actions for each 
driver, and a set of conclusions can be taken [36]. From this 
type of analysis, the system identifies actions to reduce energy 
consumption, and automatically alerts the driver. However, no 
automatic actions are performed, because the ultimate decision 
of reducing or not energy expenses is made only by the FEV 
driver. Thus, the driver may accept or not the advising to turn 
off the air-conditioner or to reduce his driving speed. All data 
regarding alerts and driver’s response is stored in a driver 
profile. 
III. DEVELOPED CHARGING SYSTEM 
In the context of this work, it was developed a bidirectional 
battery charging platform denominated as iV2G Charging 
System [39]. This battery charger has as main advantage the 
bidirectional operation mode, and it was specially developed 
to allow full control taking into account a smart charging 
strategy, as presented in subsection III. C. The main functional 
requisites of the V2Anything App related with the battery 
charging process are described below:  
1. Definition of smart battery charging strategies through 
remote commands, in order to manage the charging 
process. Considering that the battery charging system 
allows bidirectional operation (in Grid-to-Vehicle – G2V 
and Vehicle-to-Grid – V2G modes), it also can receive a 
command to operate in V2G mode, returning to the power 
grid part of the energy that was previously stored in the 
FEV batteries (it will be an important operating mode for 
the future smart grids). Also, the developed application 
takes into account the power limitations of the electrical 
power grid and of the driver’s home. 
2. Guidance for FEV battery CS, presenting the location of 
the nearest charging stations and making their reservation.  
3. Utilization of electricity market functions to obtain 
information of prices that optimize the buying or selling 
of electrical energy, in accordance with the G2V or V2G 
modes, respectively.  
A. Developed FEV Battery Charger  
Nowadays, in typical FEVs, when it is necessary to charge 
the batteries, the energy comes from the power grid to the 
batteries without any control protocol given by the system that 
manages the power grid. Taking into account that it is foreseen 
that FEVs will become an important part of the power grids, 
their integration cannot be neglected [40]. Consequently, their 
integration must be controlled and regulated in order to avoid 
problems associated with power grids overload. Besides these 
problems, which will be managed by the future smart grids, 
the FEV battery chargers should avoid power quality problems 
[41]. The main power quality problem associated with the 
FEV proliferation is the consumption of distorted current, 
which influences other power quality problems (e.g., distorted 
voltages due to line impedance). In addition to other control 
architectures that can be used to regulate and compensate the 
voltage in smart grids [42]-[44], through collaborative 
operation a large number of FEVs can also contribute to 
regulate and stabilize power grid voltage. 
The prototype of the FEV battery charger was developed to 
operate according to the Mode 2 of the IEC 62196 standard. It 
is composed by two bidirectional power converters: an 
AC-DC power converter and a DC-DC power converter. The 
AC-DC power converter allows controlling the power grid 
active and reactive powers, and the waveform of the 
consumed current. The control of the reactive power is a 
feature that will be managed by the future smart grids in order 
to mitigate some power quality problems (e.g., to regulate and 
stabilize the voltage). Fig. 12 illustrates the active power flow 
between the power grid and the FEV during the G2V and V2G 
operation modes. The DC-DC power converter presents a 
topology such that it operates as buck converter during the 
batteries charging process (G2V mode). On the other side, 
through proper control, this topology also allows the operation 
as boost converter when it is necessary, in order to make 
possible to deliver back to the power grid part of the energy 
stored in the batteries (V2G mode) [45]. 
Besides the bidirectional operation mode, the main 
advantage of this topology is related with the sinusoidal 
current waveform in the AC side of the battery charger for 
 
Fig. 11. Screen shot view of the driving profile parameters available in the 
SQL data base. 
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both G2V and V2G operating modes, contributing to the 
power quality in smart grids.  
Fig. 13 shows the developed FEV battery charger. More 
specifically, in Fig. 13(a) is presented the bidirectional power 
converters schematic, and in Fig. 13(b) the final aspect of the 
developed prototype of the power converters. 
B. Power Consumption Profile 
In most cases, FEVs battery charging processes will be 
performed at homes, and they should be made in function of 
the profile of power demand of each home. In order to analyze 
the best schedules to perform the FEV battery charging 
process, in accordance with the power limitations of the home 
and power grid, an agent-based electricity consumption 
simulator was developed in a previous project [46]. In this 
context, with the goal of analyzing the introduction of FEVs in 
electrical power grids, it was made a study for different types 
of residential consumptions. For such purpose were 
considered different home consumption profiles (with 
different power consumptions and daily traveled distances), 
assuming one vehicle per family. Then, compiling the 
obtained values of power consumption and the travelled 
distances, were determined the most favorable schedules along 
the days to perform the FEV battery charging process, without 
exceeding the contracted power for the home, which consists 
in a smart FEV battery charging process. 
C. Smart Charging Strategy 
Taking into account home consumption and power grid 
distribution limitations, it is identified a smart charging 
strategy, as depicted in Fig. 14. Real time information about 
power limitation and home consumption is usually not 
available in most of consumption places. To overtake this 
problem it was created a simulation tool based on a central 
information repository that can store and manage historical 
data on electricity consumption and production [28][46]. From 
this central repository it is possible the development of tools to 
extract knowledge from past electricity exchange log files, 
electricity market prices, renewable energy availability, home 
energy consumption (considering that the FEV is charged at 
home), and power grid distribution constraints. Main output 
information is the visualization of the power grid distribution 
on a graph, with the indication of power limits (for details see 
[28]). For that, the first step is to estimate the electrical power 
consumed per household, and given the contracted power, to 
determine the available electrical power for charging FEVs. It 
was considered a power limit for the electrical distribution 
system of 80% of the nominal power of the transformer that 
feeds a set of consumers of each particular zone of the low 
voltage system. However, depending on the percentage of 
existing FEVs, additional limitations can be imposed. 
IV. RANGE PREDICTION  
Due to the fact the FEV batteries cannot be very quickly 
recharged during a journey, it is essential that a precise range 
prediction is available to the driver of the FEV in order to 
check if the desired destination is achievable without a stop to 
charge the batteries, or even for him to know if to reach the 
destination it is necessary to perform an optimized driving, 
 
Fig. 12. Power flow between the power grid and the FEV during G2V and 
V2G operation modes. 
 
 
Fig. 13. FEV battery charger for smart grids: (a) Schematic; (b) Developed 
prototype of the bidirectional power converters. 
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Fig. 14. Smart Charging approach and goals. 
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and to consider, for instance, to cut the air-conditioner, among 
others FEV functionalities. The FEV range autonomy 
prediction is based on three main dependency types: 
1. FEV model and its main characteristics, like the chemical 
technology of the batteries (as lithium-iron-phosphate, 
lithium-titanate, or nickel-metal-hydride), the batteries 
characteristics (mainly variation of SoC, lifespan, 
performance, specific power, specific energy, and safety), 
and the FEV powertrain (electric motor and their power 
converter, as well as the other electric parts, as battery 
charger, controllers, and power cables). All these 
variables of the FEV will influence the battery SoC and 
consequently the range autonomy prediction. The 
batteries SoC and other relevant parameters are provided 
to the main control system through CAN-Bus 
communication, and then this information is stored in a 
data base, in order to predict the available range with the 
information of current speed and acceleration. 
2. The driver behavior, in which it is mainly used the 
information of the battery SoC level versus achieved 
distance (which is stored in a data base), the FEV weight 
(that is a manual input), and driving directions (acquired 
based on the GPS information); 
3. Environment information: current location, traffic 
conditions (taken from a web service), road information 
(obtained through a distances graph), weather information 
(wind and temperature - taken from a web service or from 
an FEV sensor), and altitude. 
A. Range Autonomy Prediction Procedure 
The range autonomy prediction procedure is, in a first step, 
based on the FEV previous known performance, on the battery 
SoC level, and on past driving behavior (taking the relation of 
battery SoC level versus travelled distance achieved, from 
experience, stored in a driver profile data base). On a second 
step, this distance is recalculated with base on weather 
information: (1) Temperature above or below a pre-defined 
threshold (since a percentage of the energy stored in the 
batteries can be taken for air-conditioning); (2) If it is raining, 
then a percentage of energy is taken for the window cleaning 
process, and for night driving a percentage of energy is taken 
for light services. A web service brings traffic information, 
and based on experience (e.g., information about driving times 
and traffic information), a new driving range is calculated and 
showed to the driver as a prediction. Current driving behavior 
(e.g., driving speed and accelerations) are also taken into 
account in this process. Once it is achieved an estimation of 
the FEV range autonomy, it is started the calculation of 
possible reachable points based on the current position. Most 
of these estimation processes are performed with resource to 
simple heuristics, based on deep studies that were previously 
developed [18], [38]. For example, if the weight is above a 
configurable threshold, a percentage of reduction is applied on 
the range autonomy (this value should be tuned from 
experience data and with dependence on FEV parameters). 
Also, altitude is taken into consideration, using Google Maps 
to obtain the altimetry of the desirable path. Again, several 
levels are configured, and it is also applied a percentage of 
reduction in the range in function of the altitudes to overcome 
in the path. Temperature is an important parameter, because of 
its relation with the use of the air-conditioner. Thus, 
temperature is divided into five classes range (classes are used 
to discretize the variable) applying the Naïve Bayes algorithm: 
(1) Less than 5ºC; (2) From 5ºC to 15ºC; (3) From 15ºC to 
25ºC; (4) From 25ºC to 30ºC; and (5) Above 30ºC. For classes 
1 and 5 it was assumed that all drivers use air-conditioner, for 
class 3 no usage is considered, and for classes 2 and 4 it is 
assumed that a percentage of drivers use air-conditioner (this 
is the initial profile parameter, but acquired past data can tune 
this behavior). Traffic information is used again as a 
parameter that can reduce the range autonomy, because 
possible starts/stops on traffic jams increase consumption.  
B. Implementation 
Fig. 16 shows the prediction web service, developed in Java, 
and Fig. 17 shows the mining models used for the prediction, 
which employs available data of the driver profile and weather 
information. Range prediction is based on data mining, 
Microsoft Decision Trees for step1 and Naïve Bayes algorithm 
for step2. In step 1 are correlated several input variables 
(battery SoC in percentage, the vehicle speed, the vehicle 
temperature, past driver behavior, battery type and the 
distance traveled) to reach a prediction. On step 2 are used 
environment class variables (as discrete variables) like traffic, 
altitude, and the weather conditions to refine the prediction 
based also on past data using Naïve Bayes approach (for 
details see [38]). Two main variables are predicted: 
DISTANCE_PREDICTION related with the range prediction 
distance, and CHARGE_PREDICTION related with the 
charge needed to reach the desired destination. The charge 
prediction process is similar to the range autonomy prediction. 
C. Representation of Range Prediction 
A simple circular distance can be represented for the range 
autonomy prediction, like is shown in Fig. 9 (c), or a detailed 
representation can be made, as depicted in Fig. 15 (a). In this 
figure is represented the distance that can be travelled taking 
into account normal driving (without energy saving actions): 
(1) The travel starts from Lisbon with the 100% of SoC; (2) 
Vila Franca city after 25 km; (3) Santarém city after 80 km 
with less than 50% of SoC; and (4) Leiria city after 150 km 
with 5% of SoC. Taking into account that the battery charging 
process occurs in Leiria, in Fig. 15 (b) are represented the 
distances that can be travelled from Leira city at the starting of 
the charging process (1), when 40% of SoC is reached (2), and 
when 75% of SoC is reached (3). 
All representations are based on Google Maps API 
[https://developers.google.com/maps] and use as starting point 
the current FEV position. The detailed maps use in the first 
step the graph information of main roads and a range 
prediction value is used to mark a distance for each road. The 
result is a polygon line to represent the range. The uncertainty 
about the range due to driver behavior is represented in the 
same manner. If the SoC level is below 25% of full charge the 
representation procedure starts to use secondary roads. 
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V. CONCLUSION 
This paper presents a developed mobile application named 
V2Anything App. It allows providing relevant information to 
Full Electric Vehicle (FEV) drivers from several sources of 
data. Using this application the FEV drivers can interact with 
battery charging systems by using information of public 
charging stations places, their availability and energy price, to 
make the reservation of a charging point with the associated 
parking place. Simultaneously, the integration with public 
transportation infrastructures ensures that the driver is capable 
of planning the use of public transport means on his journey, 
linking the FEV with parking places availability, transports 
schedule and ticket reservation. This information integration 
with driver’s interaction devices and applications contribute 
for a better trip planning and energy usage, and also reduces 
the range anxiety of the FEV driver. 
This paper also introduces a developed bidirectional battery 
charger, designed for the future smart grids, which allows 
performing FEV battery charging (G2V – Grid-to-Vehicle 
mode) and discharging (V2G – Vehicle-to-Grid mode) 
processes. It is commanded by the V2Anything App, and works 
with a management system created with a smart charging 
strategy that takes into account the power grid and the 
consumer power constraints. This developed battery charger 
also takes into consideration power quality aspects. 
The main contribution of this work consists in the public 
transportation data integration and in the diversity of options 
for transport systems (public buses, trains and metros, and car 
 
Fig. 15. Detailed representation for the range autonomy prediction: (a) Range 
estimation of a Lisbon trip to north where four different cases are showed. 
(b) Representation of the distances that can be travelled after the charging 
process for different SOC levels considering Leiria city as starting point. 
 
Fig. 16. Prediction Model Web Service developed in Java. 
 
Fig. 17. Implemented range autonomy prediction process, from raw data using mining models to prediction range. 
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and bike sharing), which can be made available to FEV drivers 
through a single interface: the Vehicle-to-Anything 
application (V2anything app). Prototypes of the V2Anything 
App were developed for Android [47] and Windows [48] 
systems. The inclusive view that is carried out by this 
developed application is significant for the FEV industry in 
general, but it is also important for governments, public 
operators and end-users, because it brings a unified overview, 
that makes easier the identification of the challenges and 
opportunities of this new paradigm of electric mobility. 
In future works it is intended to analyze the influence of the 
operation in V2G mode in the State-of-Health of the batteries. 
REFERENCES 
[1] Wencong Su, Habiballah Rahimi-Eichi, Wente Zeng, Mo-Yuen Chow, 
“A Survey on the Electrification of Transportation in a Smart Grid 
Environment,” IEEE Trans. Ind. Inform., vol.8, pp.1-10, Feb. 2012. 
[2] A. H. Hajimiragha, C. A. Canizares, M. W. Fowler, A. Elkamel  
“Optimal transition to plug-in hybrid electric vehicles in Ontario, 
Canada, considering the electricity-grid limitations,” IEEE Trans. Ind. 
Electon., vol.57, no.2, pp.690-701, Feb. 2010. 
[3] K. J. Dyke, N. Schofield, M. Barnes, “The Impact of Transport 
Electrification on Electrical Networks,” IEEE Trans. Ind. Electon., 
vol.57, no.12, pp.3917-3926, Dec. 2010. 
[4] Y. Song, X. Yang, Z. Lu, “Integration of Plug-in Hybrid and Electric 
Vehicles Experience from China,” IEEE PES Power and Energy Society 
General Meeting, pp.1-6, July 2010. 
[5] L. Bertling, O. Carlson, S. Lundmark, D. Steen, “Integration of plug in 
hybrid electric vehicles and electric vehicles - experience from Sweden,” 
IEEE PES Power and Energy Society General Meeting, pp.1-3, July 
2010. 
[6] Jun Hua Zhao, Fushuan Wen, Zhao Yang Dong, Yusheng Xue, Kit Po 
Wong, “Optimal Dispatch of Electric Vehicles and Wind Power Using 
Enhanced Particle Swarm Optimization,” IEEE Trans. Ind. Inform., 
vol.8, pp.889-899, Nov. 2012. 
[7] J. Cochran, L. Bird, J. Heeter, D. J. Arent, “Integrating Variable 
Renewable Energy in Electric Power Markets: Best Practices from 
International Experience,” NREL - National laboratory of the U.S. 
Department of Energy, Apr. 2012. 
[8] A. Y. Saber, G. K. Venayagamoorthy “Plug-in vehicles and renewable 
energy sources for cost and emission reductions,” IEEE Trans. Ind. 
Electron., vol.58, no.4, pp.1229-1238, Apr. 2011. 
[9] Fabian Kennel, Daniel Görges, Steven Liu, “Energy Management for 
Smart Grids with Electric Vehicles based on Hierarchical MPC,” IEEE 
Trans. Ind. Inform., vol.9, no.3, pp.1528-1537, Aug. 2013. 
[10] Antonio Moreno-Muñoz, Victor Pallarés-López, Juan José González de 
la Rosa, Rafael Real-Calvo, Miguel González-Redondo, I. M. Moreno-
García, “Embedding Synchronized Measurement Technology for Smart 
Grid Development,” IEEE Trans. Ind. Inform., vol.9, no.1, pp.52-61, 
Feb. 2013. 
[11] V. Gungor, D. Sahin, T. Kocak, S. Ergut, C. Buccella, C. Cecati, G. 
Hancke, “Smart grid technologies: Communications technologies and 
standards,” IEEE Trans. Ind. Inform., vol.7, no.4, pp.529-539, Nov. 
2011. 
[12] G. A. Shah, V. C. Gungor, O. B. Akan, “A Cross-Layer QoS-Aware 
Communication Framework in Cognitive Radio Sensor Networks for 
Smart Grid Applications,” IEEE Trans. Ind. Inform., vol.9, no.3, 
pp.1477-1485, Aug. 2013. 
[13] V. C. Gungor, B. Lu, G. P. Hancke, “Opportunities and challenges of 
wireless sensor networks in smart grid,” IEEE Trans. Ind. Inform., 
vol.57, no.10, pp.3557-3564, Oct. 2010. 
[14] P. P. Parikh, T. S. Sidhu, A. Shami, “A Comprehensive Investigation of 
Wireless LAN for IEC 61850–Based Smart Distribution Substation 
Applications,” IEEE Trans. Ind. Inform., vol.9, no.3, pp.1466-1476, 
Aug. 2013. 
[15] Ayman Sabbah, Amr El-Mougy, Mohamed Ibnkahla, “A Survey of 
Networking Challenges and Routing Protocols in Smart Grids,” IEEE 
Trans. Ind. Inform., vol.9, no.1, pp.1551-3203, Feb. 2013. 
[16] V. Cagri Gungor, Dilan Sahin, Taskin Kocak, Salih Ergut, Concettina 
Buccella, Carlo Cecati, Gerhard P. Hancke, “A Survey on Smart Grid 
Potential Applications and Communication Requirements,” IEEE Trans. 
Ind. Inform., vol.9, no.1, pp.28-42, Feb. 2013. 
[17] Adrian Timbus, Mats Larsson, Cherry Yuen, “Active Management of 
Distributed Energy Resources Using Standardized Communications and 
Modern Information Technologies,” IEEE Trans. Ind. Electron., vol.56, 
no.10, pp.4029-4037, Oct. 2009. 
[18] João C. Ferreira, A. Silva, João L. Afonso, “EV-Cockpit – Mobile 
Personal Travel Assistance for Electric Vehicles,” Microsystems for 
Automotive Applications. Smart Systems for Electric, Safe and 
Networked Mobility, Springer, pp.247-257, 2011. 
[19] Saeid Haghbin, Sonja Lundmark, Mats Alaküla, Ola Carlson, “Grid-
Connected Integrated Battery Chargers in Vehicle Applications: Review 
and New Solution,” IEEE Trans. Ind. Electron., vol.60, no.2, pp.459-
473, Feb. 2013. 
[20] D. P. Tuttle, R. Baldick, “The Evolution of Plug-In Electric Vehicle-
Grid Interactions,” IEEE Trans. Smart Grid, vol.3, no.1, pp.500-505, 
Mar. 2012. 
[21] D. Sahin, T. Kocak, S. Ergut, C. Buccella, C. Cecati, G. P. Hancke, 
“Smart Grid and Smart Homes: Key Players and Pilot Projects,” IEEE 
Ind. Electron. Mag., vol.6, no.4, pp.18-34, Dec. 2012. 
[22] F. De Angelis, M. Boaro, D. Fuselli, S. Squartini, F. Piazza, Qinglai 
Wei, “Optimal Home Energy Management Under Dynamic Electrical 
and Thermal Constraints,” IEEE Trans. Ind. Informat., vol.9, no.3, 
pp.1518-1527, Aug. 2013. 
[23] F. Benzi, N. Anglani, E. Bassi, L. Frosini, “Electricity smart meters 
interfacing the households,” IEEE Trans. Ind. Informat., vol.58, no.10, 
pp.4487-4494, Oct. 2011. 
[24] Peter Palensky, Dietmar Dietrich, “Demand Side Management: Demand 
Response, Intelligent Energy Systems, and Smart Loads,” IEEE Trans. 
Ind. Inform., vol.7, no.3, pp.381-388, Aug. 2011. 
[25] Souvik Dasgupta, Shankar Narayan Mohan, Sanjib Kumar Sahoo, Sanjib 
Kumar Panda, “A Plug and Play Operational Approach for 
Implementation of an Autonomous-Micro-Grid System,” IEEE Trans. 
Ind. Inform., vol.8, no.3, pp.615-629, Aug. 2012. 
[26] R. A. S. Fernandes, I. N. da Silva, M. Oleskovicz, “Load Profile 
Identification Interface for Consumer Online Monitoring Purposes in 
Smart Grids,” IEEE Trans. Ind. Inform., vol.9, no.3, pp.1551-1517, Aug. 
2013. 
[27] Juhani Jääskeläinen, “Cooperative Mobility and Connected Car The 
European Strategy” Car Connectivity Consortium Summit, Nov. 2012. 
[28] João C. Ferreira, Vítor Monteiro, João L. Afonso, A. Silva, “Smart 
Electric Vehicle Charging System,” IEEE IVS Intelligent Vehicles 
Symposium, Baden-Baden Germany, pp.758-763, June 2011. 
[29] João Ferreira, Rui Silva, Vítor Monteiro, João L. Afonso, “Cloud 
Collaborative Broker for Distributed Energy Resources,” IEEE CISTI 
Iberian Conference on Information Systems and Technologies, Lisbon 
Portugal, June 2013. 
[30] João C. Ferreira, A. Silva, Vítor Monteiro, João L. Afonso, 
“Collaborative Broker for Distributed Energy Resources,” in 
Computational Intelligence and Decision Making, 1st ed., A.Madureira, 
C.Reis, V.Marques, Ed. Springer, 2012, pp.367-378. 
[31] João C. Ferreira, João L. Afonso, “A Conceptual V2G Aggregation 
Platform,” EVS-25 -The 25th World Battery, Hybrid and Fuel Cell 
Electric Vehicle Symposium & Exhibition, Shenzhen China, Nov. 2010. 
[32] H. Turton, F. Moura, “Vehicle-to-Grid Systems for Sustainable 
Development: An Integrated Energy Analysis,” ELSEVIER 
Technological Forecasting and Social Change, vol.75, no.8, pp.1091-
1108, Oct. 2008. 
[33] João C. Ferreira, Paulo Trigo, Porfírio Filipe, “Collaborative Car 
Pooling System,” International Conference on Sustainable Urban 
Transport and Environment, Paris France, June 2009. 
[34] João C. Ferreira, Vítor Monteiro, João L. Afonso, “Cooperative 
Transportation System for Electric Vehicles,” SAAEI Annual Seminar 
on Automation, Industrial Electronics and Instrumentation, Guimarães 
Portugal, pp.452-457, July 2012. 
 11 
[35] João C. Ferreira, “Green Route Planner,” Nonlinear Maps and their 
Applications, Selected Contributions from the NOMA 2011 
International Workshop. Series: Springer Proceedings in Mathematics & 
Statistics, Vol. 71. Grácio, C.; Fournier-Prunaret, D.; Ueta, T.; Nishio, 
Y., Dec. 2013. 
[36] João C. Ferreira, Vítor Monteiro, João L. Afonso, “Real Time 
Information Extraction of an Electric Vehicle,” SAAEI Annual Seminar 
on Automation, Industrial Electronics and Instrumentation, Guimarães 
Portugal, pp.488-493, July 2012. 
[37] Jose Almeida, Joao Ferreira, “BUS Public Transportation System Fuel 
Efficiency Patterns,” IMLCS International Conference on Machine 
Learning and Computer Science, Kuala Lumpur Malaysia, May 2013. 
[38] Joao C. Ferreira, Vítor Monteiro, João L. Afonso “Data Mining 
Approach for Range Prediction of Electric Vehicle,” International 
Conference on Future Automotive Technology Focus Electromobility, 
Munich Germany, pp.1-8, Mar. 2012. 
[39] Vítor Monteiro, João C. Ferreira, Gabriel Pinto, Delfim Pedrosa, João L. 
Afonso, “iV2G Charging Platform,” IEEE ITSC International 
Conference on Intelligent Transportation Systems, Madeira Portugal, 
pp.409-414, Sept. 2010. 
[40] J. Lopes, F. Soares, P. Almeida, “Integration of Electric Vehicles in the 
Electric Power Systems,” Proceedings of the IEEE, vol.99, no.1, pp.168-
183, Jan. 2011. 
[41] K. Kurohane, T. Senjyu, A. Yona, N. Urasaki, T. Goya, T. Funabashi, 
“A Hybrid Smart AC/DC Power System,” IEEE Trans. Smart Grids, 
vol.1, no.2, pp.199-204, Sept. 2010. 
[42] V. Loia, A. Vaccaro, K. Vaisakh, “A Self Organizing Architecture based 
on Cooperative Fuzzy Agents for Smart Grid Voltage Control,” IEEE 
Trans. Ind. Inform., vol.9, no.3, pp.1415-1422, Aug. 2013. 
[43] Haomin Ma, Ka Wing Chan, Mingbo Liu, “An Intelligent Control 
Scheme to Support Voltage of Smart Power Systems,” IEEE Trans. Ind. 
Inform., vol.9, no.3, pp.1405-1414, Aug. 2013. 
[44] João L. Afonso, J. G. Pinto, Henrique Gonçalves. “Active Power 
Conditioners to Mitigate Power Quality Problems in Industrial 
Facilities,” in Power Quality Issues, Ahmed Zobaa, Ed. InTech, 2013, 
pp. 105-137. ISBN 978-953-51-1068-2. 
[45] Vítor Monteiro, H. Gonçalves, João C. Ferreira, João L. Afonso, 
“Batteries Charging Systems for Electric and Plug-In Hybrid Electric 
Vehicles,” in New Advances in Vehicular Technology and Automotive 
Engineering, 1st ed., J. P. Carmo and J. E. Ribeiro, Ed. InTech, 2012, 
pp.149-168. 
[46] João C. Ferreira, P. Trigo, A. Silva, H. Coelho, João L. Afonso, 
“Simulation of Electrical Distributed Energy Resources for Electrical 
Vehicles Charging Process Strategy,” IEEE Computer Magazine 
dedicated to the Second Brazilian Workshop on Social Simulation 
(BWSS 2010), pp.82-89, Oct. 2010. 
[47] P. Pereira, “Sistema de Recomendação para Condutores de Veículos 
Eléctricos,” MSc dissertation - ADEETC-ISEL, Lisbon Portugal, 2010. 
[48] L. B Borges, “IRecommendIt: Sistema de recomendação para veículos 
eléctricos” Final Year Project - ADEETC-ISEL, Lisbon Portugal, 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
João C. Ferreira (M’98) was born in 
Angola, June 1967. He is Professor of 
Mathematics on Informatics and 
Telecommunication degree courses in 
Polytechnic Institute of Lisbon 
(IPL/ISEL). He is also consultant with 
different companies and Portuguese 
institutions. He graduated in Physics at 
Technical University of Lisbon 
(UTL/IST), Portugal, received an MSC in Telecommunication 
and a PhD degree in Computer Science Engineering from 
UTL/IST. Currently, he teaches subjects in the area of 
mathematics and information systems and he supervises 
several year end, MSc and PhD students. His professional and 
research interests are in retrieval, geographic and multimedia 
retrieval, Electric Vehicle, Intelligent Systems, intelligent 
transportation (ITS) and sustainable mobility systems. He is 
author or co-author of more than 130 peer-reviewed scientific 
papers of several international conferences and workshops in 
different areas of computer science. 
 
Vítor Monteiro (S’10) was born in 
Guimarães, Portugal, in May of 1984. He 
received the M.Sc. degree in industrial 
electronics and computer engineering 
from the University of Minho, Guimarães, 
in 2010. He is currently working toward 
the Ph.D. degree with the University of 
Minho. Since 2008, he has been a member 
of the Group of Energy and Power Electronics (GEPE) and a 
collaborator with Centro Algoritmi, University of Minho. His 
research interests include power electronic converters, digital 
control techniques, smart grids, and electric vehicles. Mr. 
Monteiro received a Doctoral Scholarship 
(SFRH/BD/80155/2011) from the Foundation for Science and 
Technology of Portugal. 
 
João Luiz Afonso (M’00) was born in 
Rio de Janeiro, Brazil, in 1963. He 
received the B.S. and M.Sc. degrees in 
Electrical Engineering from the Federal 
University of Rio de Janeiro in 1986 and 
1991, respectively, and the Ph.D. degree 
in Industrial Electronics from the 
University of Minho, Guimarães, 
Portugal, in 2000. Since 1993, he has been with the 
Department of Industrial Electronics, University of Minho, 
where he is Associate Professor. He teaches Electrical 
Machines, Electrical Energy Systems, Complements of Power 
Electronics, Electrical Power Quality, Active Power Filters, 
and Renewable Energy. He is a researcher with the Group of 
Energy and Power Electronics (GEPE) of the Centro 
Algoritmi, University of Minho. His research interests include 
the development of active power filters, power quality 
analyzers, power electronics for renewable energy sources and 
electric vehicles, power quality, and energy efficiency. 
 
 
 
 
